Basic equations 


operators x= Z 
"A ; . ÓW a 
Schrödinger’s equation hr = HW 


stationary state 


time-independent S.E. Hu, (x) = Enn (x) 


probability i= | i Gr), t)dz| 
expectation value (A) = 5y piAi 
uncertainty AA = ((43) — (Ap)? 
Ehrenfest's theorem dir) - (pz) 

dt m 


Boundary conditions 


p(x) finite at +00, cts everywhere 


One-dimensional infinite square well (n — 1,2,. 
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ECTS dir) = yz F) (xx) 


Harmonic oscillator (n = 0,1,2,...) 


En = (n+ 4)ħwo wo = /C/m a =+/h/mug 
Aun(a) = Vn + Tyn(2) Â d. (m) = Vntyn_1(2) 
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Free particle, scattering and tunnelling 


V (a, t) i(ka—Ext/h) dk A(k 
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R? dy 
EA n = Enn 
EE + V(z)s(2) = Envin() 


probability density = |W(z, t)|? 


wef. 


Az Ap, > h/2 
dip; | /ÓV 
dt — Ox 


dy/dx cts where V (x) finite 


V" (ax, t) AV (r, t) dz 


s ) (symmetric well) 


Vn(z) = "ES (=) (n odd) 


Dy = hk 


(pz) = I ^ k| A(k)|? dk 


(step) 


Complex numbers 


8 i0 


z=r+iy=re z'—ry-iy-re | =z =r y =t 
Re(z) — ia: Im(z) = EE g^ = pre’ 
2 2i 
ið | „-i0 id _ „-i0 
e — cos 0 + isin0 GS ZDZ sin 0 = E 
2 2i 
etit = —1 eit /2 =i eit /2 = NE | 
Elementary functions (a>0,b>0) 
e”eV = et TY Ina + lnb = In(ab) eha = n(gh)es a 
cz —T m oum 
e” = cosh z + sinh z cosh z = ae sinh z = —— 
cos(0 + m) = — cos 0 sin(0 + 7) = — sin 0 tan(0 m) = tan0 
cos(0 + 1/2) = — sin8 sin(0 + 1/2) = cos0 tan(0 + 1/2) = — cot 0 
cos(0 — 1/2) = sin 0 sin(0 — 1/2) = — cos 0 tan(0 — 1/2) = — cot 0 
cos(20) — cos? 0 — sin? 0 sin(20) = 2sin 0 cos 0 tan(20) = 2tan6/(1 — tan? 0) 
sin(A + B) = sin A cos B + cos Asin B cos(A + B) = cos A cos B F sin Asin B 
sin A sin B = 5( cos(A — B) — cos(A + B)) cos A cos B = $(cos(A — B) + cos(A + B)) 
sin A cos B = $(sin(A— B) + sin(A + B)) cos? A + sin? A = 1 
Physical constants 
Planck's constant h 6.63 x 10734Js Planck's constant /27 h 106% 10-7" Je 
vacuum speed of light c 3.00 x 108 m s7} Coulomb law constant d 8.99 x 10? m F7! 
permittivity of free space <g 8.85 x 1071? F m^! permeability of free space ug 4r x 10H m^! 
Boltzmann's constant k 1.38 x 10723 J K7! Avogadro’s constant Nm 6.02 x 10? mol! 
electron charge —e —160 x 1071? C proton charge e 1.60 x 1071? C 
electron mass Me 9.11 x 10^?! kg proton mass my 1.67 x 107?" kg 


Bohr radius ao  5.28x107!5 m atomic mass unit u 1.66 x 107?" kg 


Definite integrals for positive integers n and m 


(f(x) an odd function) 


f sin(nz) sin(ma) dz = 5 9m 
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f sin(nz) sin(mz) dz = = dnm 
—n/2 2 


(n + m even) 
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f cos? z dr = T 
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f r? cos? ada = —— + "M 
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f r’ cos zdr = (eae (87 — 1). (n odd) / a? cos z dz = (—1)"/? 2mn, 
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(n > 0) 


2n 


(n > 1) 


f f(x) da =2 jA f(x)dx (f(x) an even function) 


f cos(na) cos(mx) dz = 5 9m 
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f cos(nx) cos(mx) dz = = nm 
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(n + m even) 


NT 
. n 
sin? z dz = — 
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f z” sin? z dz = es EJ 
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f e 2 eike dg = Vne F/M (k real) 
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